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INTRODUCTION
The GLONASS system is part of the GNSS systems, along with the GPS, Galileo and BeiDou systems [7] . Moreover, the GLONASS system can be applied to a number of scientific areas as another navigation system, e.g., in geodesy and cartography, mobile mapping, geodynamics, geophysics, atmosphere monitoring, cosmic weather, meteorology, telecommunication and radio communications, logistics and transport, precise agriculture, civil engineering, GIS, time transfer and navigation. In the navigation area, the GLONASS system is still implemented in automobiles, as well as in marine and air navigation. Unfortunately, it is very hard to obtain official data about standard positioning services for civil users in the GLONASS system. In addition, the typical accuracy of the user's position should be higher than 100 m on the horizontal plane and 156 m on the vertical plane [5] . In [9] , the horizontal accuracy equals 28 m, and 60 m for the vertical coordinate, whereas, on [14] , the horizontal accuracy exceeds 55 m, and 70 m in the vertical plane. The ICAO suggests that the accuracy of the user's position in the GLONASS system ranges between 5 and 12 m on the horizontal plane and between 9 and 25 m on the vertical plane [6] . These values are referenced to satellites of the GLONASS-M generation and currently being implemented in civil aviation. The accuracy of the user's position in the GLONASS system, in accordance with the ICAO standards, is estimated with a probability of 95%; however, the ionosphere and receiver errors are not included in this criterion. In civil aviation, availability and integrity terms are also recommended to be used in the GLONASS system. The average value of the availability parameter is over 99%, while the integrity parameter should exceed 99.7% for the GLONASS satellites' constellation.
The authors also present the results of GLONASS positioning in a kinematic test in civil aviation. The kinematic test was conducted using a Cessna 172 aircraft at the military airfield in Dęblin on 1 June 2010. The aircraft's trajectory was recovered based on the GLONASS code observations for the SPP method. The raw GLONASS observations were collected via a Topcon Hiper Pro receiver, which was installed in the pilot's cabin. The aircraft's coordinates and their accuracy were calculated in the RTKPOST library of the RTKLIB software. The least-squares estimation was applied in the adjustment processing of the GLONASS code observations at an interval of 1 s. The article is divided into five sections: Introduction, Methodology of Research, Research Experiment and Results, Discussion and Conclusions.
METHODOLOGY OF RESEARCH
In this section, the mathematical formulations for a recovery of the aircraft position are presented. The mathematical formulation is focused on the undifferenced positioning method, i.e., the SPP method. The basic equations for the presented method are expressed below [1] :
where:
l -pseudorange value (C/A or P code) at the first frequency in the GLONASS system, with the precise P code recovered using the following equation: 11 
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11 PC DCB -DCB instrumental biases between P and C/A code at the first frequency in the GLONASS system (the DCB values are distributed in the CODE Analysis Center in Switzerland [12] ), d -geometric distance between the satellite and the receiver, RIFCB -receiver ICFB, referenced to the first frequency in GLONASS system, l  -measurement noise and multipath effect in the SPP method.
In Equation (1), the number of unknown parameters equals four (e.g., the aircraft's coordinates = three parameters and the receiver clock bias = one parameter). The remaining terms in Equation (1) are modelled as follows: -The GLONASS satellite coordinates are calculated using the Lagrange polynomial based on the precise ephemeris file or the applied fourth-order Runge-Kutta method based on the broadcast ephemeris file.
-The satellite coordinates must be referenced to the emission time of the pseudorange (e.g., the time of the pseudorange travelling through the atmosphere and the Sagnac effect are applied in this algorithm).
-The satellite clock bias is calculated using the Lagrange polynomial based on the precise ephemeris file or the applied data from the broadcast message.
-The satellite clock bias is also corrected using information about the relativistic effect.
-The relativistic effect in the GLONASS system can be obtained using data about the satellite position and velocity from the precise ephemeris file or the broadcast message.
-The ionosphere delay is evaluated using the Klobuchar model. -The troposphere delay is estimated using the deterministic model (e.g., Hopfield, simple or Saastamoinen).
-The measurement noise in Equation (1) is neglected.
-The multipath effect in Equation (1) is neglected.
-The GLONASS navigation message does not include any information about IFCBs; the IFCB parameters are estimated for satellites and receivers using a geometry-free linear combination; currently the IFCB parameters are published at the website of the CODE Analysis Center.
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The unknown parameters in Equation (1) are solved based on the least-squares estimation in adjustment processing of the GLONASS code observations for each measurement epoch, as per below [5] :
Qx -vector with unknown parameters,
 
;;
x y z -unknown aircraft's coordinates, (1,1) Application of the GLONASS code observations for… 73.
RESEARCH EXPERIMENT AND RESULTS
In this section, the research experiment is described and the results of GLONASS positioning in the kinematic test are presented. The flight experiment was conducted on a Cessna 172 aircraft at the military airfield in Dęblin on 1 June 2010 (see Fig. 1 ). The flight experiment was planned between 09:39:04 and 10:35:03 GPS time. The obtained results of the accuracy of aircraft positioning by means of the SPP method are of paramount importance when it comes to the certification and handover to operation of the GLONASS system in civil aviation. The technical standards, which have been implemented by the ICAO, are designed to determine the possible use of the GLONASS system for civil aviation. The ICAO recommendations published in Appendix 10, Volume I, entitled "Radionavigation aids", are designed to use satellite signals from satellites of the GLONASS-M generation for the precise positioning of aircraft in air navigation. It needs to be observed that, in civil aviation, the ICAO recommendations permit the generally available L1-C/A signal for the GLONASS system. This signal is modulated by using the frequency division multiple access technique for the 1.6-GHz frequency band. The limits of the accuracy of the set aircraft position by means of the GLONASS system are specified in the technical standards of the ICAO through the parameters of the navigation error position on the vertical and horizontal planes. For navigation on the horizontal plane, the limit of accuracy ranges from 5 to 12 m, with a confidence level of 95%. On the other hand, for navigation on the vertical plane, the limit of accuracy ranges from 9 to 25 m, with a confidence level of 95%. Furthermore, the accuracy of the precise time transfer in the GLONASS system equals 700 ns for a confidence level of 95%. The limit of accuracy for determining the pseudorange measurement error in the GLONASS system even reaches 18 m. On the other hand, the availability of the GLONASS system across the globe should be 99% for navigation on both the horizontal and the vertical planes. However, the reliability of the GLONASS system in civil aviation must not be lower than 99.7% [6] . 
The average value of the MRSE term equals 11.1 m, with the range of 9.1 to 19.9 m. In addition, the average value of the median for the MRSE parameter is 10.6 m. Approximately 26% of the results for MRSE parameter accuracy are higher than 10 m. On the other hand, approximately 74% of the results for MRSE parameter accuracy exceed 12 m. Furthermore, approximately 95% of the results of the measurement of MRSE position error accuracy do not exceed the level of 14 m. In the approach to landing phase, the values of the MRSE term are much higher than 8 m and continue rise until the last measurement epoch. 
DISCUSSION
In this section, the accuracy of the aircraft position, based on the GLONASS solution in a flight experiment, is compared with NPA standards for the GNSS system. In Table 1 , the accuracy of the aircraft position is referenced to the official data of the NPA GNSS procedure in the landing phase. The ICAO recommends that the accuracy of the aircraft position on the horizontal plane should be equal to approximately 220 m, while the accuracy in the vertical plane is not active for users [4, 6] . In the flight experiment, the average accuracy of the aircraft position in the horizontal plane The NPA GNSS procedure does not include the official data on aircraft position accuracy in the vertical plane
CONCLUSIONS
In this article, the results of GLONASS positioning in the kinematic test in civil aviation were presented and described. The kinematic experiment was conducted using a Cessna 172 aircraft at the military airfield in Dęblin on 1 June 2010. The aircraft's trajectory was recovered based on the SPP method, using the GLONASS code observations. The raw GLONASS observations were collected using a Topcon Hiper Pro receiver, which was mounted in the pilot's cabin. The aircraft's coordinates and their accuracy were calculated in the RTKPOST module in the RTKLIB software. The least-squares estimation was applied to the adjustment processing of the GLONASS code observations for each measurement epoch. The accuracy of the aircraft's position from the SPP method was compared in this paper with the official release of the ICAO standards in civil aviation. The aircraft position accuracy on the horizontal plane exceeded 12 m, and 25 m with regard to the vertical plane. Standard deviations in the aircraft position were also compared with the accuracy of the NPA GNSS landing procedure.
